Novel insights regarding the ability of encapsulated metal interconnections to deform due to bending are presented. Encapsulated metal interconnections are used as electric conductor or measurement system within a wide range of applications fields, e. g. biomedical, wearable, textile applications. Nevertheless the mechanical analysis remains limited to reliability investigation of these configurations while deformability is as important for application fields where, so-called disappearing electronics is the main purpose.
Less traditional is the use of flexible circuit boards.
These boards are bendable, which brings along a certain degree of comfort and deformability when one applies them in a bendable application, e.g. shoe sole.
Last years a novel approach has been invented, Furthermore, previous investigations [10] report that the thicker the encapsulation is, the more reliable a certain structure will behave. In this paper it is proven and validated that increasing the encapsulation thickness brings along a significant decrease in deformability. The flexural rigidity increases with a factor two per 250flm additional encapsulation thickness in case of meander shaped interconnections.
This brings along a trade-off between reliability and deformability / comfort.
Unless the fact that the obtained results corresponds with PI-supported copper tracks, the conclusions can be transferred to other products serving as conductive material, encapsulation material and support material.
Technology description
This section summarizes the production method for the practical test vehicles used within this investigation. The production method for stretchable circuitry described in [7] will be used as starting point. The resulting structures can be seen in Figure 6 for the flexible as well as for the meandered metal interconnections.
: : Furthermore the RlW ratio of the copper tracks is 13.
This makes the R=l ,3mm.
For completeness a picture of the produced sample as well as the simulated design are depicted in Figure   8 . The dimensions of the model for numerical analysis are summarized in Table 2 . The values are also indicated in Figure 6 . Figure 9 . The right as well as the left downside of the encapsulated interconnection has a limited degree of freedom and can only move in the x direction.
____ t u 'p� ards movement of the cylinder Figure 9 : schematic overview simulation setup
A cylinder with a radius of 5mm will move upwards with a constant speed, 2,5mm/iteration, and will be the load for the interconnection. A total of 10 iterations, or an upwards movement of 25mm of the cylinder, is investigated.
The radius of the cylinder, Figure 9 and Figure  1 O(a) , is rather small in comparison with the bending radius of the interconnection, see Figure IO If a cylinder is chosen with a bigger radius, friction effects will have an influence on this test environment and the structure will be stretched where we want to neglect this property in this investigation. Furthermore, moving the cylinder too much in the upwards direction, relative to the length of the interconnection, would also bring friction and elongation effects along.
The used material parameters are based on [10] and are summarized in Table 3 Figure 10 shows the simulated behavior of the interconnection under bending. It can be seen that the higher the cylinder pushes the structure, the smaller its bending radius, or the higher the curvature, which is
(c) Figure 10 : simulation model unbended (a), cylinder moved upwards 12,5mm (b), cylinder moved 25mm upwards (c).
The curvature of the bended interconnection changes along the interconnection, with a maximum curvature at the location where the cylinder touches the interconnection, Figure 10 and Appendix A.
To compare the deformability of interconnections under transversal load the work needed to cause a certain degree of bending, within our investigation the maximum curvature, will be monitored.
B. Results Figure 11 shows the work needed to bend the interconnection structure to a certain maximum curvature. This has been done for both interconnection shapes and for 6 different encapsulation thicknesses, these are Ollm, 250llm, 500llm, 750llm, 1000llm and Figure 11 an increase of work of about 20dB per decade curvature can be observed. This can be justified by the linear relationship between curvature and deflection for small displacements, see Appendix A. The results for the flexural rigidity based on numerical simulation are depicted in Table 5 : flexural rigidity in function of the shape and the encapsulation thickness 
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The bending length is the half of the overhang length by definition [12] .
The flexural rigidity is obtained from the bending length by following formula:
Where w is the weight of the sample per square meter and c is the bending length. Giving a flexural rigidity in /lJm.
The measured overhang lengths, weights and thicknesses of the samples are indicated in Appendix C.
Next Remark: the thickness of the samples has been measured using ASTM D3767 method. By using a normalized weight of 212g and a presser foot with a radius of 16mm.
Conclusions
Novel insights have been gained regarding the performance of stretchable and flexible metal interconnections to deform under a transversal load.
These insights were gained from numerical simulation and verified by practical measurements.
[t was proven in the preceding discussion that to analyze and widely discussed in the basic beam theory [11] . Remark that �x is only small for rather small deflections, in this investigation this will be the case for the first 3-4 iterations as can be seen from the linearity in Figure 11 . The curvature of a beam subjected to bending is given by:
The moment induced at a certain location x along the interconnection, see the equivalent schematic in Figure 13 , is defined as:
After introducing the last equation in the equation of the curvature, we obtain: 
